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ABSTRACT
Here we give an observational method for measurements of the equatorial scattering region radius
using variability in the polarized broad lines in Type 1 active galactic nuclei (AGNs). The polarization
in broad lines of Type 1 AGNs is mostly caused by equatorial scattering, where specific features allow
one to separate its contribution from the total polarized flux. We propose to monitor variability in the
polarized line flux and find the time lag between the nonpolarized continuum and polarized broad line
variability. The distance to the scattering screen can then be determined from the time delay.
The method was, for the first time, applied to the observations of the Type 1 AGN Mrk 6, and we
found that the size of the scattering region in this AGN is around 100 light days. That is significantly
smaller than the dusty region size estimated by the infrared interferometric observations and also larger
than known broad line region (BLR) size. This indicates that the scattering region lies between the
BLR and the dusty region and could be used as a probe of the dust sublimation radius.
Keywords: techniques: polarimetric – galaxies: Seyfert
1. INTRODUCTION
In the 1970s the Seyfert galaxy (Sy) class was divided into two subclasses according to the presence the absence of the
broad permitted emission lines in their spectra. However, the discovery of the broad line component in the polarized
spectrum of the archetypal Sy 2 NGC 1068 (Antonucci & Miller 1985) established of the common model of active
galactic nuclei (AGNs). Within this "unified model" (Antonucci 1993; Urry & Padovani 1995), the dichotomy of the
observed AGN properties was explained by the orientation of the nuclei relative to the observer, and the inner structure
was postulated to be generally the same for different AGN types. In the central AGN parts the fast rotating gas clouds
radiate the emission lines (the broad line region, or BLR) and are surrounded by external obscuring matter, a so-called
"dusty torus" predicted earlier by several authors (Rowan-Robinson 1977; Keel 1980). Currently, the "unified model"
is mostly accepted, yet there are peculiar types of AGNs whose properties are not clarified by specific orientation e.g.
narrow-line Sy 1 (Osterbrock & Pogge 1985; Goodrich 1989) and changing-look AGNs (Matt et al. 2003). Later, the
existence of the dusty circumnuclear region was approved with infrared (IR) observations (see GRAVITY Collaboration
et al. 2019, and references therein); also, it was discovered that this geometrically and optically thick region has a
more complicated form and structure than the "torus" suggested earlier (Hönig 2019).
Central AGN parts remain optically unresolved. As a result, the region where the BLR transits into the dusty region
is comparatively poorly studied. The lack of the data on the temperature, chemical composition, and the distances
inside the central regions limits the usage of the theoretical models (e.g. Barvainis 1987, 1992) to locate the dust
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sublimation radius in an AGN structure. On the contrary, in the most cases the theoretical predictions are not in an
agreement with the observational data.
Smith et al. (2004) and Goosmann & Gaskell (2007) proposed that the flattened disk-like region is lying in the
equatorial plane between the "dusty torus" and the BLR. The region is assumed to consist of free electrons and a
small percentage of dust grains provided for the explanation of the preferable polarization vector direction (tending
to be parallel to the radio axis) in Type 1 AGNs1. This so-called equatorial scattering region is also responsible for
the specific polarization signatures along the emission line profiles: S-shaped swing in the polarization angle and a
dip in the polarization degree along the emission line profile (Goodrich & Miller 1994), while without the scattering
emission, the line should be polarized in the same way as the nearby continuum. As the angle swing is connected
with the rotation of the gas clouds in the BLR, Afanasiev & Popović (2015) demonstrated that based on the circular
velocities of the gas in the BLR obtained by spectropolarimetric measurements of the emission line, the mass of the
central supermassive black hole (SMBH) could be estimated, and this estimate would not be strongly influenced by
the inclination angle (see Savić et al. 2018).
The existence of the scattering region in the equatorial plane in central AGN parts is one more piece of evidence of
the smooth transition of the BLR to the dusty region with a gradual increase of the optical depth τ (the modeling
shows that in the scattering region τ should be > 0.1 (Goosmann & Gaskell 2007) and 1<τ<3 (Marin et al. 2012)).
However, now the distance to the equatorial scattering region Rsc is not well known – usually Rsc is assumed to be
equal to the size of the inner part of the "dusty torus" obtained by IR observations (see Sec. 2.2).
The aim of this work is to explore the possibility of finding the size of the scattering (dust sublimation) region in
AGNs. In this work, we propose and demonstrate a new technique for the measurements of the equatorial scattering
region radius that uses reverberation mapping of the broad emission lines in the polarized light. The paper is organized
as follows. In Sec. 2 we describe the methods for finding the distances inside the AGN, while in Sec. 3 the new method
of size estimation of the scattering region is introduced. Sec. 4 is dedicated to the observational test of our method
for the case of the AGN Mrk 6. In Sec. 5 a critical discussion of the method suggested in the paper is given within an
analysis of the previous studies in the same field, and Sec. 6 provides a summary of the main result.
2. SIZES IN AGNs
2.1. Measurement of the BLR size
Central regions of AGNs remain optically unresolved, therefore the dimensions of the BLR is not well known.
However, there is currently an understanding of the size ladder inside an AGN.
This important step was done with the help of the reverberation mapping. It was found that the central continuum
source is surrounded by the BLR, and the response of the emission line radiation to the continuum variability is
delayed in a time interval ∆t that characterizes the BLR size: RBLR = c∆t (Cherepashchuk & Lyutyi 1973; Blandford
& McKee 1982; Peterson 1993). Soon after, the dependency of RBLR on the ionizing source luminosity was discovered
(Koratkar & Gaskell 1991). Then, Netzer & Peterson (1997), using data from Wanders et al. (1997), found that the
time delay is longer when the ionization potential is lower, which corresponds to the BLR stratification. Later, this was
statistically strengthened with the reverberation monitoring campaigns (see e.g. Bentz et al. 2013). The signal delay in
the Hα line exceeds the delay observed in other broad lines (it could be found by the comparison of the observational
data of more than 40 galaxies, see Bentz & Katz 2015) and, therefore, characterizes, more or less, the BLR border.
However, using the reverberation mapping method one measures the time lag corresponding to the maximum of the
cross-correlation function. Therefore, the sizes measured from the delay between the continuum and line fluxes, the
so-called photometric BLR radius (see Koratkar & Gaskell 1991; Kishimoto et al. 2009), might give an underestimated
RBLR (e.g., due to the BLR inclination).
2.2. Measurement of the dusty region size
As the distance from the central source increases while the energy decreases, free electrons are recombined, neutral
gas is dominant, and the dust grains appear while the temperature drops down. The dusty circumnuclear region (or
the "dusty torus") is observed in AGNs in the IR band. Currently, there are two methods to determine the radius
of the inner dusty region. The first is the reverberation mapping that uses the response of the near-IR (usually K-
band) signal to the ionizing (optical) continuum variability. Reverberation mapping observations are time consuming,
1 orientated so that the inner parts of the nucleus are available for the observer.
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Figure 1. The scheme of the inner AGN sizes. The upper part of the figure illustrates the scheme of the dust distribution inside
the AGN introduced by Baskin & Laor (2018). t1, t2, and t3 correspond to the moment when a signal comes from the central
ionizing source, the BLR, and the scattering region, respectively. The lower part marks the approximate size scale connecting
the photometric BLR radius RBLR observed with the reverberation mapping technique ("optical RM"), the maximal radius of
the BLR Rmax, the size of the scattering region, and the radius of the inner part of the dusty region Rdust measured by the IR
reverberation mapping technique ("K-band RM") and by the near-IR interferometry ("IR IF"). The scale relations are from
Afanasiev et al. (2019).
additionally the dusty region size is a few times larger than the BLR, which means one needs more time to conduct
the monitoring observations. For instance, the dusty region is four times larger than the BLR in the case of NGC 4051
(Suganuma et al. 2006; Denney et al. 2009; Zu et al. 2011), and five times larger for NGC 4151 (Kishimoto et al. 2009;
Peterson et al. 2004; Maoz et al. 1991). Therefore, presently the IR reverberation mapping has currently succeeded
for the measurment of the inner dusty region radii of ∼20 AGNs (Minezaki et al. 2004; Suganuma et al. 2006; Koshida
et al. 2009, 2014; Mandal et al. 2018). The second technique is the near-IR and mid-IR interferometry resolution the
central parts of an AGN (up to a few tenths of a parsec). This method was also used to on ∼24 AGNs (Kishimoto
et al. 2009, 2011; GRAVITY Collaboration et al. 2019; Weigelt et al. 2012, etc.).
Kishimoto et al. (2009) found the systematic difference between the size of the dusty region obtained with the
different observational techniques. They suggested that the reverberation mapping reveals the parts of the dusty
region closer to the central source than the region of the maximum brightness temperature in the K band determined
by the interferometry (especially using the thin-ring model in the case of the extended region). Furthermore, Kishimoto
et al. (2009) called the result obtained by the Keck interferometer as a "probing the dust sublimation radius". In fact,
the IR radiation of AGNs is well explained with the thermal dust emission, and both of the IR methods are dedicated
to the observations of the region where the dust is likely to be dominant, and remote to the size of Rdust from the
central engine. So, it seems that this radius represents the upper limit of the dust sublimation radius.
2.3. Scattering region and polarization in Sy 1 galaxies
The presence of the equatorial scattering region, on the one hand, and the theoretical model of the BLR extension
up to the dusty region (see Netzer 2015, and references therein), on the other, points out that in going farther from
the ionizing source the free electron domination changes smoothly into the dust domination; τ also increases gradually
which leads to a scattering "screen" with blurred borders. The radial extension and the location of the "screen" are
not determined, but from the previous studies they should lie within the limits RBLR ≤ Rsc ≤ Rdust. The existing
models (Marin et al. 2012; Savić et al. 2018) are based on the assumption that the Thomson scattering dominates in
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the equatorial scattering region, yet the contribution of the Mie and Rayleigh scattering is also taken into account.
According to the dominant scattering type, one could conclude that Rsc corresponds to the lower limit of the dust
sublimation radius.
As the equatorial scattering region was introduced to explain the origin of the specific features in polarization in
Type 1 AGNs, the idea to apply the reverberation mapping method to the polarized flux soon appeared. The modeling
performed by Goosmann et al. (2008) shows that the cross-correlation analysis should reveal the time lag between
the total flux and one polarized due to the equatorial scattering, and that this lag should characterize the distance
between the regions producing these fluxes2. This idea was taken to the observations of Sy 1 NGC 4151 (Gaskell et al.
2012), which had demonstrated the equatorial scattering features earlier (see Smith et al. 2005). The observations
were conducted in U total flux corresponding to the ionizing source and B polarized flux (covering the continuum
and broad Hβ line). The cross-correlation analysis discovered the 8 days delay between the U -band total and B-band
polarized flux. This result appeared to be comparable to the estimation of the BLR size in the Hα or Hβ line which
is equal to 2-10 lt-days in NGC 4151 (Peterson et al. 2004; Maoz et al. 1991; Shapovalova et al. 2008). Moreover, the
observed time lag was also noticeably less than the expected size of the inner border of the dusty region. This indicates
that the scattering region is located near (or even in) the BLR and is consistent with the modern conception about
inflows/outflows, a hot corona, and etc. in the AGN central regions.
To analyze this result, the mechanisms producing the polarization in Type 1 AGNs should be examined. There are
two types of them that one could consider: "internal" and "external". The "internal" mechanisms are those that are
located inside the dusty region. Among them there are the following: the radiative transfer in a magnetized accretion
disk produces the polarization parallel to the disk rotational axis (see, e.g. Piotrovich et al. 2016); the synchrotron
radiation of the jet that provides variable polarization when the polarization vector rotates with respect to the disk
rotational axis; and the clouds of matter (e.g. of free electrons) that cause the polarization due to the several types of
scattering (e.g. Compton, Thomson), etc. The "external" mechanisms of polarization include only two processes: the
equatorial (at the dusty "torus") and polar (at the ionization cone) scattering. Both of them could be observed together
in one object, yet it is expected that equatorial scattering dominates in Type 1 and polar in Type 2 AGNs. Within
this paper we consider only Type 1 AGNs (with broad lines) and therefore we expect to have dominant equatorial
scattering (i.e. that the polar scattering is negligible). The contributions of all the mechanisms mentioned above are
superposed and majorly could not be unambiguously divided. The same is true for the observations in broad bands
(e.g. B band as for Gaskell et al. (2012)): the multiple sources of polarization could make a contribution to the final
result, and the equatorial scattering in the Hβ broad line was only one of them. Since the calculated size was more
than twice as small as than the BLR one, we could conclude that it could be the size of the scattering region but not
a size of the equatorial scattering region.
Additionally, it is important to raise a question here about the intrinsic (due to radiation transfer) polarization
of broad line emissions. Unlike the magnetized accretion disks or relativistic jets, there are no obvious and strong
polarization mechanisms inside the BLR. The BLR is considered to be a flattened structure consisting of gas clouds that
are radiating independently, therefore there is not a dominant classical radiative transfer process and the BLR intrinsic
polarization can be neglected. This assumption will be used further. However, let us consider several polarization
mechanisms which may affect the broad line emission polarization.
• Transmission through a medium. The polarization is sensitive to the anisotropy of a medium. So, considering the
BLR gas clouds’ isotropy and the magnetic field absence, one can conclude the BLR emission is nonpolarized.
It is important to note the limb polarization effect could take place (the Chandrasekhar-Sobolev effect) but it
would vanish due to the integration of the emission from the whole region.
• Scattering on the free electrons in the BLR.. The scattering at the free electrons inside the BLR could also
appear. The photons coming from the BLR could be randomly scattered. However, (i) the random scattering
events will be summed up within the observations and the total polarization produced by them will converge to
zero; (ii) the Monte Carlo simulations show that the majority of photons are scattered only once at the equatorial
scattering region (Savić et al. 2018).
2 Note here that originally Goosmann et al. (2008) were not careful about the wavelength band, and there was no word about whether
the line or continuum emission should be observed.
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• Inflows/outflows. Savić et al. (2018) have modeled the broad line polarization profile concerning inflows/outflows.
They conclude that inflows/outflows have a negligible influence except in the extreme cases where outflow is of
an order of 1000 km/s, but in this case one should detect a broad line strongly shifted to the blue. In the most
of AGNs this is not the case.
All these arguments allow us to consider within this work that the BLR broad lines are intrinsically nonpolarized
before the equatorial scattering. In contrast, if any of the intrinsic polarization mechanisms inside the BLR are by
incident stronger and more important than assumed, then the BLR polarization should be constant and weaker than
the one formed at the equatorial region (otherwise the equatorial scattering is not detectable for the source). In that
case, the reverberation mapping may only give less contrast in the correlation peak, but the time lag between the
continuum and the polarized line should be mostly driven by the external (equatorial) scattering.
3. NEW APPROACH FOR THE SIZE DETERMINATION OF THE SCATTERING REGION
The basic idea for the estimation of the equatorial scattering region’s size is to measure the time lag between the
continuum nonpolarized emission and polarized broad emission line flux. Let us assume that the variable ionization
continuum flux comes to the observer at time t1 (see Fig. 1). The variability in the ionized continuum causes the broad
emission line variability that an observer can detect at t2. Then, since the emission line polarized light is scattered in
the equatorial scattering region, the observer detects the change in the polarized broad line flux at t3. Therefore, the
time lag RBLR = c∆τ12 = c ·(t2−t1) (c is speed of light) gives the BLR photometric size, and Rsc = c∆τ13 = c ·(t3−t1)
gives the distance of the broad line scattering screen from the central continuum source, assumed as point-like.
To use this method, the spectropolarimetric observations are preferably required (we show an example in the following
section). However, the spectropolarimetric observations are time consuming and they are technically demanding.
Therefore, we propose the polarization photometric observations with narrow-band filters, which cover the line emission
and nearby continuum. In any case, one should obtain a set of three Stokes parameters of the linear polarization for
the spectral bands corresponding to the continuum and the emission line: {I,Q, U}cont and {I,Q, U}line. To find
the time delay needed for light to pass from the BLR to the scattering region, the nonpolarized continuum flux and
polarized line flux should be compared. The nonpolarized continuum flux Icont is equal to the total flux in all observed
polarization directions (depending on the analyzer type) in the continuum band. As for the emission line flux, Iline,
the total flux could be found in the same way. To calculate the polarized line flux, Ipol−line, use the following:
Ipol−line = Iline · P, P =
√
(Qline −Qcont)2 + (Uline − Ucont)2, (1)
where P is the polarization degree, 0 < P < 1. Subtracting the Stokes parameters of the nearby continuum from the
broad line Stokes parameters, one excludes the contribution of different polarization mechanisms to the polarization
in broad line (as, e.g., instrumental, interstellar, etc.). In case when the polarization in the broad line is not due to the
equatorial scattering, all emissions of the central parts of the AGN (accretion disk, BLR, etc.) should be polarized in
the same way, without any signatures of the polarization degree "bump" along the line profile, and according to the
equation 1 the method will not show any variability in the polarized line flux.
In following section we give an example of Rsc measurements using spectropolarometric observations for the Mrk 6
AGN.
4. OBSERVATIONAL TEST
Mrk 6 (z = 0.019) is a well-known S0 galaxy with an active nucleus of the intermediate Sy 1.5 type (Osterbrock &
Koski 1976). In order to check the method availability we have used the spectropolarimetric data of Mrk 6 obtained
within the 2010-2013 monitoring campaign (Afanasiev et al. 2014).
The observations and data reduction are described in detail in Afanasiev et al. (2014), and here we only give a short
summary. The observational data used were obtained using the 6 m BTA telescope (SAO RAS, Russia) with the
SCORPIO device (Afanasiev & Moiseev 2005) in polarimetric and spectropolarimetric modes. In spectropolarimetric
mode, the Wollaston prism and the λ/2 phase plate were used with gratings VPHG1200 (spectral coverage 3700-
7300Å) and VPHG940 (spectral coverage 3700-8400Å). In the polarimetric mode, the polaroid was used with the filter
V (λmax = 5500Å, FWHM=850Å). Together with the object, the field stars were observed to measure the interstellar
polarization and polarimetric standards were observed to control the polarization position angle. In each epoch a series
of the images was shot to take into account the variation of the atmosphere. The method of polarimetric observations
with SCORPIO is described in Afanasiev & Amirkhanyan (2012).
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Figure 2. The light curves of Sy 1.5 Mrk 6: the total flux in continuum at 5100Å (upper panel), the total flux in the Hα
emission line (middle panel), and the polarized flux in the Hα emission line (bottom panel).
We obtained Mrk 6 spectra from 12 epochs in the 2010-2013 monitoring period. In Fig. 2 we show (from the top
to bottom) the light curves of the nonpolarized flux at λ5100Å, corresponding to the ionizing continuum (Woo et al.
2018), the nonpolarized Hα flux, and polarized Hα flux, respectively. All light curves are shown with subtracted
long-term trends and normalized, then the given units are in relative intensities.
To estimate the time delays between the nonpolarized continuum flux and the polarized emission line flux, we used
the cross-correlation analysis (Blackman & Turkey 1958). Let us assume Fcont is the nonpolarized continuum flux
and Fpol-line is the polarized emission line flux, and that both are finite discrete functions of length N . Then, the
cross-correlation function (CCF) is calculated as:
(I˜cont ⊗ I˜pol-line)[n] = 1
N
N−1∑
j=0
{I˜cont}j · {I˜pol-line}j+n,
where I˜ is the flux normalized at the dispersion and ⊗ corresponds to the convolution process. The position of the CCF
maximum therefore corresponds to the time lag between the two functions. The result of the cross-correlation analysis
is shown in Fig. 3. The black curve shows the cross-correlation function obtained for the nonpolarized continuum and
polarized broad line flux. The time delay is equal to τ13 = 94.7± 6.9 lt-days. Our result was also compared with the
results given by JAVELIN (Mudd et al. 2018): τJAV = 99.5 ± 3.6 days, which is also in a good agreement. This time
delay corresponds to the time required for the total continuum radiation formed in the central regions to reach the
region of equatorial scattering – the dusty torus. Also, by the same method, we obtained the time delay between the
nonpolarized continuum and the total broad line flux – i.e., by the classic BLR reverberation mapping method, and
the estimation is equal to τ12 = 13.0±6.4 lt-days. This estimation is less that previously calculated in Afanasiev et al.
(2014) of 20.3+2.3−2.1 lt-days, but it is still within the margin of error.
The error of the time delay τ13 obtained by the CCF was estimated by the bootstrapping method (Efron 1979).
Bootstrapping is a statistical method based on random sampling with replacement. Each unit of the sample is assumed
to be distributed within the confidence interval of the size of the flux error in the light curves (both the nonpolar-
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Figure 3. CCFs between the nonpolarized continuum flux and nonpolarized line flux (green line), and between the nonpolarized
continuum flux and polarized broad line flux (black line).
ized continuum and polarized broad line). Therefore, the flux determination uncertainty is statistically considered.
Synthesizing series of the investigating sample, one can estimate its statistical properties. In this work, the time
series of the flux variations (in the continuum and the polarized line) are modeled by means of the bootstrapping
and cross-correlated for a few thousand times. The CCF peak distribution converges to be a Gaussian one while
increasing the number of modeling series. The maximum of this distribution is chosen as the most reliable time lag
(τ13 = 94.7 lt-days). The FWHM of the Gaussian fit to the distribution function is assumed to be the error of the time
lag δτ13 = 6.9 lt-days. In the case where the error is calculated as a 10% level of the Gaussian fit, it is only twice as
large as ∆τ13 ≈ 15 lt-days, and it is still much smaller than the suggested time lag. It demonstrates that the obtained
result is essentially unaffected by the measurement errors.
5. DISCUSSION
Let us compare the obtained time delay with the previously calculated estimates of the size of the BLR and dust
sublimation region in the galaxy Mrk 6.
a) Comparison with RBLR. The size of the BLR region was found previously by the reverberation mapping in the
broad line – RBLR = 20.6 ± 2.0 lt-days (Bentz et al. 2013). The estimates of the size of the BLR obtained in this
paper, τ12 = 13.0 ± 6.4lt-days and in Afanasiev et al. (2014) for the same data, 20.3+2.3−2.1 lt-days, are consistent with
Bentz et al. (2013). Yet, note here that values of RBLR are distributed, and the reasons could be both internal (the
BLR size changes due to the nucleus activity) and "external" (not ideal cross-correlation methods, cadence, etc.).
One can assume (and it is consistent with Fig. 1) that the maximal size of the BLR as a disk-like structure Rmax
is greater than the photometric BLR size (estimated by the photometric observations), RBLR, yet Rmax > RBLR.
Observing a large sample of Sy 1 galaxies with equatorial scattering Afanasiev et al. (2019) found that RBLR =
(0.31 ± 0.17)Rmax. Also, Rmax should be connected with the scattering region size Rsc, and Afanasiev et al. (2019)
showed by observations that Rsc/Rmax = 1.72 ± 0.48. This relation is in a good agreement with the result found by
simulations (Savić et al. 2018): Rsc/Rmax = 1.5 − 2.5. Let us examine our result with these relations. Considering
RBLR ≈ 20 lt-days, one obtains Rmax ≈ 65 lt-days. Then, the relation between the maximal BLR size and the size of
the scattering region obtained by the suggested method is equal to Rsc/Rmax ≈ 1.5, which corresponds to the previous
investigations. It also shows that the suggested method of the reverberation mapping in the polarized line gives the
result within the frames of the earlier theoretical and practical works.
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b) Comparison with Rdust. Kishimoto et al. (2011) estimated the inner size of the dusty region at 214±59 lt-days
using observations at the Keck interferometer in the K band. Also, Kishimoto et al. (2011) adduced an estimation of
the dusty region size of ∼115 lt-days from UV luminosity using the fit by Suganuma et al. (2006). These introduced
values differ ∼1.9 times but this difference is predicted from the common conceptions (see Fig. 1). The maximum of
near-IR emission observed with K-band interferometry is coming from the dusty region parts that are further from
the central source than the dust sublimation region, i.e. the region where the dust survives but does not dominate.
The estimation of Rsc obtained within our work is pretty close to the value calculated from UV luminosity. It leads
to two possibilities: (i) the variable activity of the central source varies the location of the equatorial scattering
screen within the region between the BLR and the dusty region, therefore, the observations at different epochs give
unbridgeable estimations; (ii) the equatorial scattering screen locates closer to the dusty region and the influence of
the dust scattering is underestimated in modeling.
6. CONCLUSIONS
Here we propose a new approach to measure the distance to the equatorial scattering region in Type 1 AGNs. Our
method could be called a crucial "reload" of the one suggested by Gaskell et al. (2012). By subtracting the polarized
signal from the polarized broad line flux, the contributions of the other polarization mechanisms, except the one due
to the equatorial scattering, are minimized. So, the measurement of the time delay in the emission line in polarized
light reveals the distance to the scattering region located between the BLR and the dusty region (Smith et al. 2004;
Goosmann & Gaskell 2007; Savić et al. 2018). Rsc is a probing of the lower limit of the dust sublimation radius, and
the attempt to locate the scattering region more precisely is an additional key to the understanding of the physical
state inside AGNs.
The method has some advantages.
• This is a method that directly measured Rsc, and there are no more observational methods to directly determine,
more or less, Rsc.
• The suggested approach is the minimum affected by other polarization mechanism,s since broad lines seem to be
equatorially scattered.
• The method seems to be inclination independent.
• As soon as the method is suitable for the broad emission lines up to Mg II (Savić et al. 2020), it can be used
to probe the distances inside AGNs at the greater z than the methods based on the IR observations as (i)
the K-band interferometry is not able to resolve the central parts of far AGNs because of the limited angular
resolution; (ii) going at greater redshifts, the regions observed in the K band in local AGNs are shifted to the
far-IR bands, and farther, which makes it harder to observe them with the same approach.
• The direct estimates of Rsc will increase the accuracy of mass estimations (Afanasiev & Popović 2015).
However, the suggested approach has important limits:
• The method could be used only for Type 1 AGNs with observable signatures of the equatorial scattering (such
objects could be found in, e.g., Smith et al. 2002; Afanasiev et al. 2019).
• Even though the idea is simple, the influence of the other internal polarization mechanisms (see Savić et al. 2018)
on the observed time lag should be carefully modeled.
• Also, the essential point is whether the activity of the ionizing source influences strongly on the Rsc and other
component locations within the AGNs.
The offered approach would be further approved by observations of a sample of Type 1 AGNs. Also, the important
point is to apply the photometric reverberation mapping technique (Haas et al. 2011) to our method of reverberation
mapping in polarized light, and to involve small-sized telescopes.
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